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Concern for the environment has grown dramatically over the last two 
decades. In response to this concern, flotation deinking has become a popular way to 
recycle paper, reduce waste, and achieve a relatively white pulp without cutting down 
more trees and operating a bleach plant. However, the inks are becoming more and 
more difficult to deink. With the rise of photocopiers and laser printers the amount 
of electrographic toner in recycled paper has increased dramatically. Therefore, 
research on how best to remove these inks from paper is required. 
The effects of pH, surfactant concentration, surfactant charge, and toner 
charge on the efficiency of deinking of paper printed with electrographic inks were 
evaluated in this study. Oeinking was done in the Hallimond tube on a positively 
charged toner (Canon) and a negatively charged toner (Xerox) using dodecyltrimethyl 
ammonium bromide (OT AB) for a cationic surfactant and sodium dodecyl sulfate 
(SOS) for an anionic surfactant. 
A higher surfactant concentration (up to about 2%) gave greater deinking 
efficiency. The anionic surfactant (SOS) at alkaline pH gave better flotation of both 
toners than the cationic surfactant (OT AB). For both surfactants, alkaline pH led to 
better deinking. 
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INTRODUCTION 
In the past two decades, the public's concern for the environment and waste 
disposal has steadily increased. One of the major industries that has come under fire 
because of its contribution to the solid waste disposal problem is the pulp and paper 
industry (1). In fact, paper represents the largest single category of municipal waste 
generated in the United States (I). 
Flotation deinking is being used more and more by paper companies as a way 
to address the public's concern for the environment. Flotation deinking provides a 
method of recycling paper, reducing waste, and achieving a relatively white pulp 
without cutting down more trees and operating a pulp mill and bleach plant. 
Therefore, it is not only a way to help alleviate the solid waste disposal problem, but 
also to protect the environment from further harm. 
As the use of photocopiers and laser printers continues to rise, the amount of 
electrographic toner in mixed office waste recycled paper also continues to rise. 
Unfortunately, these inks are relatively difficult to deink. This results in a less 
desirable, darker pulp coming out of the flotation deinking facility. As the quality of 
deinked pulp decreases, paper mills look to sources of virgin fiber to meet their needs 
for a high quality, white pulp. Once that happens, the environmental and disposal 
advantages of deinked pulp are no longer being utilized. Therefore, resear�h on how 
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to best remove these inks from paper and acquire a high quality, relatively white pulp, 
is required. 
By studying the effects of pH, surfactant concentration, and surfactant charge 
on the efficiency of deinking of mixed office waste printed with different 
electrographic inks, a set of optimum deinking conditions can be established for each 
ink. Some of the more common inks that should be evaluated are Canon and Xerox 
toners. This study will be based on some of the earlier work which involved the use 
of Sharp toner (2). 
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LITERATURE REVIEW 
According to Pulp and Paper International statistics, the world recovered 
almost 92 million tons of wastepaper in 1992 (3). This amount continues to grow 
every year as environmental legislation becomes more stringent (3). This means that 
there is an urgent environmental need to reduce the landfilling of wastepaper ( 4 ). It 
also means that burning the wastepaper is quickly becoming an unacceptable solution 
( 4 ). Therefore, wastepaper must be recycled. One of the major steps in recycling of 
paper is the removal of ink ( 5). There are several different techniques for removing 
this ink, the most common of which is flotation deinking (5). 
Flotation deinking is a method of ink removal in which ink or toner particles 
are removed from the pulp by bubbles which attach themselves to the particles. The 
bubbles rise and coalesce, and the ink mass is skimmed off the surface of the 
suspension (4). 
Electrographic Inks 
Secondary fiber containing laser, electrostatic, and other non-impact printed 
toners has proven difficult to deink. In this age of computers, the use of computer 
print-out (CPO) paper is increasing rapidly, and the amount of printing done with 
laser printers is showing dramatic gains (6). In fact, a major component of mixed 
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office wastepaper is bleached paper with a brightness of 75 to 80, printed with laser 
printers and photocopiers (7). 
Laser inks are dry toners and fall under the category of non-impact inks (8). 
The paper industry has come to ref er to all dry toner inks as laser inks, though some 
of them are used in copiers (8). These inks, also called xerographic inks and 
electrographic inks, do not break down under normal alkaline pulper conditions. The 
particles have a platelet shape and ragged edges which cause them to interlock with 
the fibers (7). 
Deinking Methods 
Several methods for deinking toner-printed furnishes have been developed. 
These include liquid bridge agglomeration, forward cleaning, and dispersion using 
surfactants. 
Liquid bridge agglomeration is a method that uses the addition of fuel oil to 
agglomerate the toner particles into spheres approximately 1 mm in size and hold 
them together. However, this process is ineffective when the furnish contains highly 
sized or starched papers (9). 
Forward cleaner deinking of laser and xerographic ink toner particles relies on 
a chemimechanical system for separation. This method uses chemicals for the 
aggregation and densification of the ink particles followed by a forward cleaner for 
their removal (10). 
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Laser inks can also be successfully deinked by flotation systems with a 
disperser (7). Most deinking processes use surfactants for dispersion and removal of 
various inks and coatings from a variety of furnishes ( 11 ). Surfactants, or surface 
active agents, have two principal components - one hydrophilic and the other 
hydrophobic. When a surfactant is added to the pulper, the hydrophobic end will 
associate with the ink particles, while the hydrophilic end remains in the water. This 
gives the formation of micelles, which are easily floated out of the furnish (12). 
There are a variety of surfactants available for use in deinking. They are classified by 
their hydrophilic-lypophilic balance (HLB) ratio. This is the ratio of weight 
percentages of hydrophilic to hydrophobic groups in the structure (12). Each 
surfactant has different properties and the optimum deinking conditions depend on 
the deinking process, temperature, pH, water, furnish quality, and the effect of the 
surfactant on wet-end chemicals (II). 
Effect of Charged Surfactant 
If a cationic surfactant is added to a dispersion containing negatively charged 
particles, the surfactant can increase the amount of flocculation by several 
mechanisms (13). These mechanisms are: 
(a) the adsorption of the cationic surfactant at the interface and the reduction
of the negative charge of the particle. 
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(b) the formation of an insoluble compound or complex by the cationic
surfactant at the interface in a reaction with an anionic deflocculating agent. 
( c) the reduction of the negative potential of the particle by the cationic
surfactant, without being adsorbed, by forming a mice Ile around the particle ( 13 ). 
A well studied cationic surfactant is dodecyltrimethyl ammonium bromide, or 
DT AB ( 14 ). A well studied anionic surfactant is sodium dodecyl sulfate, or SDS 
(14). These chemicals have been thoroughly researched and are known to have a 
similar geometry (14 ). These surfactants have been previously used in a deinking 
study with good results (2). 
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PROBLEM STA TE:MENT AND OBJECTIVES 
Electrographic toners are difficult to deink with flotation. The goal of this 
research study is to determine how to best remove electrographic toners from 
recycled paper. Specifically, the goal ofthis study is to determine the optimum 
deinking conditions to remove positively and negatively charged ink toners from a 
mixed office waste pulp. 
The objectives of this research are 
1. To evaluate the effects of pH, surfactant concentration, and surfactant
charge on the efficiency of deinking of paper printed with several electrographic inks. 
2. To determine a set of optimum deinking conditions for the removal of
positively and negatively charged ink toners from recycled paper. 
3. To prove or disprove the theory that cationic surfactants deink negatively
charged particles better and anionic surfactants deink positively charged particles 
better. 
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EXPERIMENT AL DESIGN 
The objectives of this thesis were sought to be met by analyzing the deinking 
effectiveness of cationic (Dodecyltrimethyl ammonium bromide - DT AB) and 
anionic (Sodium dodecyl sulfate - SDS) surfactants under acidic, neutral, and alkaline 
conditions on positively and negatively charged toners. The surfactants were added 
at different levels, so that the effect of surfactant concentration on deinking efficiency 
could be determined. 
Sample Preparation 
The pulp used in this experiment was designed to imitate mixed office waste. 
Xerox 4200 DP 20 lb. paper was used for all experiments as the fiber source. 8.5 x 
11 inch sheets were printed with Canon and Xerox toners. The print pattern used is 
shown in Appendix A Canon and Xerox toners were chosen because of their 
charges. Canon is the only major photocopier manufacturer that uses a positively 
charged toner in its machines. Xerox is one of several major photocopier 
manufacturers that use a negatively charged toner in their machines. However, Xerox 
is the most prevalent of these manufacturers. 
The sheets printed with Canon toner were photocopied using a Canon NP 
6650 Il photocopier. It operated at 50 copies per minute, with a fusion temperature 
of approximately 370° F. The sheets printed with Xerox toner were photocopied 
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using a Xerox 5090 photocopier. It operated at 135 copies per minute, with a fusion 
temperature of approximately 415° F. 
The sheets were weighed before and after printing, so the amount of toner on 
each sheet could be determined. Table I shows the weights before and after printing 
for the sheets used in the deinking runs. After printing, selected sheets for each toner 
were separately repulped in the British disintegrator for 20 minutes. The sheets were 
repulped at 3.5% consistency and diluted down to 0.1 % consistency for deinking in 
the Hallimond tube. As seen in Table I, the amount of Canon toner fused onto the 
sheets was more than ten times as much as the amount of Xerox toner. This prevents 
accurate comparisons between Canon and Xerox toner deinking runs. However, it 
still allows accurate comparisons within the Canon and Xerox toner deinking runs, 
which is all that is necessary to meet the objectives of this thesis. 
Phase I: Initial Experiments 
Deinking runs using a wide range of surfactant concentrations were done in 
Phase I to determine the range of surfactant addition required for each toner and pH 
Each deinking run was performed twice to provide an error estimate. Flow charts of 
the runs are shown in Figures 1 and 2. 
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Table 1 
The Weights of the Sheets Used in Deinking Runs 
Sheet Toner Wt. (g) Printed Wt. (g) Ink Wt. (g) 
1 Canon 4.5535 4.6130 0.0595 
2 Canon 4.5915 4.6312 0.0397 
3 Canon 4.6059 4.6430 0.0371 
4 Canon 4.6180 4.6525 0.0345 
5 Canon 4.6330 4.6726 0.0396 
6 Canon 4.5620 4.5970 0.0350 
7 Canon 4.5980 4.6308 0.0328 
8 Canon 4.6125 4.6446 0.0321 
31 Xerox 4.5601 4.5710 0.0109 
32 Xerox 4.5121 4.5187 0.0066 
33 Xerox 4.6366 4.6388 0.0022 
34 Xerox 4.5866 4.5868 0.0002 
35 Xerox 4.5407 4.5430 0.0023 
36 Xerox 4.5933 4.5952 0.0019 
37 Xerox 4.5917 4.5933 0.0016 
38 Xerox 4.5576 4.5586 0.0010 
I Canon Toner 
I (+) 
Avg. Canon Ink (g) 
0.0388 
Std. Dev. of Canon Ink (g) 
0.0088 
Total Canon Ink (g) 
0.3103 
Avg. Xerox Ink (g) 
0.0033 
Std. Dev. of Xerox Ink (g) 
0.0036 
Total Xerox Ink (g) 
0.0267 
I SDS i
I ._, . ,~uCllUC I 
Surfactad I 




I Surfactad I 
AS 
/ Xerox Tmcr I
I <-> I 
I 
Figure 2. Flow Chart of Experimental Runs with Xerox Toner. 
Phase II: Secondary Experiments 
After the deinking runs for Phase I were completed, the filter pads were tested 
for dirt count, brightness, and retention. Based on the results from these tests, more 
deinking runs were done to look at different ranges of surfactant concentration. Each 
deinking run was performed twice to provide an error estimate. These runs are 
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Figure 3. Flow Chart of Secondary Runs with Canon Toner. 
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For each deinking run, 90 mL of pulp at 0.1 % consistency was measured into 
a beaker. For deinking runs that required a pH of 3, concentrated HCl was added to 
the pulp sample to get the desired pH For deinking runs that required a pH of 9, 
concentrated NaOH was added to the pulp sample until the desired pH was reached. 
After pH adjustment, DTAB or SDS surfactant was added to the pulp sample 
to give the required percent surfactant concentration on the dry material in the 
sample. Table 2 shows the conditions for each run. The sample was then thoroughly 
mixed and added to the Hallimond tube. Figure 5 shows the arrangement of 
equipment for flotation. 
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Table 2 
Run Numbers and Conditions 








































































Run Surf. Toner pH Surf 
21. SDS Canon 
22. SDS Canon 
22.6 SDS Canon 
23.7 SDS Canon 
23.3 SDS Canon 
23. SDS Canon 
24. SDS Canon 
25. SDS Canon 
26. SDS Canon 
26.6 SDS Canon 
27. SDS Xerox 
28. SDS Xerox 
28.6 SDS Xerox 
29. SDS Xerox 
30. SDS Xerox 
3 I. SDS Xerox 
32. SDS Xerox 











































Figure 5. Hallimond Tube Arrangement for Flotation Deinking. 
The operating conditions for deinking were as follows. The gas rate through 
the tube was 50 mL/min. of air. The deinking was done at room temperature with 3 
minutes of flotation time for each sample. The magnetic stirrer was set at a constant 
speed to break up the incoming gas flow into bubbles. The amount of stock deinked, 
flotation time, and other operating variables were maintained at the levels used in 
earlier research (2). 
During each deinking run, the Hallimond tube was lightly rinsed with distilled 
water after 1, 2, and 3 minutes of flotation. This was required to prevent excessive 
foam buildup and aid the foam in flowing down the concentrate stem. 
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Sample Measurement 
After 3 minutes of flotation, the air flow was stopped, the third and final rinse 
performed, and the remaining pulp sample poured out into a beaker. These pulp 
samples after deinking were made into filter pads. These pads were tested for dirt 
count, brightness, and mass. 
Dirt count measurements were done by image analysis. Image analysis uses a 
Hewlett Packard Scan Jet 3c scanner hooked up to a computer running Spec Scan 
2000 version 1.2.18 software to create an image of the surface of the filter pad. This 
image is then analyzed by the computer which counts the number of dark spots and 
measures the size of those spots that appear on the filter pad. 
Brightness was measured using a Technidyne Brightimeter. Mass was 
measured by taking the oven dry mass of the filter pad before and after filtering a 
pulp sample on it. A standard laboratory scale was used for the mass measurements. 
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RESULTS AND DISCUSSION 
Results 
The test results and standard deviations for the dirt count, brightness, and 
retention measurements are shown in Tables 3,4, and 5, Appendix B. This table 
contains the data from both Phase I and Phase II deinking runs. It also gives the 
conditions of each deinking run. These are the data that were used to produce the 
graphs. All the graphs show the combined data from Phase I and Phase II. 
Discussion 
Positive Toner and Positive Surfactant 
Figure 6 shows a graph ofDTAB surfactant concentration versus dirt count 
for the Canon toner at three pHs. The pooled average standard deviation for this 
graph is 762.0 ppm. Differences between dirt count values of greater than 1524 ppm 
are therefore significant at 95% confidence level. 
This graph shows that for the runs with a pH of 6.4 and 3, a majority of the 
deinking took place at surfactant concentrations of 2% or less. Above 2% surfactant 
concentration, deinking continued but there are diminishing returns. A pH of 3 
proved to be significantly better than a pH of 6.4 at deinking this positive toner for 





0.. -+- Canon, pH 6.4 
3000 ---canon, pH 3 
2000 
0 
___,._. Canon, pH 9 
1000 
0 
0 1 2 3 4 5 6 
DT AB Surfactant Concentration(%) 
Figure 6. Effect ofDTAB Surfactant Concentration on Dirt Count for Canon Toner. 
The runs with a pH of 3 showed a fairly low dirt count at only 2% DT AB 
concentration with a value of 1516 ppm. The runs with a pH of 3 continued to 
perform well at higher surfactant concentrations as seen in the extremely low dirt 
count of 574 ppm at 5% DT AB concentration. 
The runs with a pH of 6.4 had a good deinking effect with increased 
concentration up to 2% DT AB. Beyond 2% DT AB concentration, the runs with a pH 
of 6.4 showed very little deinking improvement. 
The runs with a pH of 9 had their lowest dirt count initially. Dirt counts 
actually increased with surfactant concentration for these runs. The low initial dirt 
count may be attributed to the NaOH used to adjust the pH. At the higher pH caused 
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This graph again shows the surfactant to be most effective at a pH of 3. The 
runs with a pH of 3 increased significantly in brightness when DT AB surfactant 
concentration was increased from 0% to 1.3%. Above 1.3% DTAB, the runs with a 
pH of 3 showed no real variation in brightness. However, brightness remained higher 
than those obtained at pH 6.4 or 9. 
For the runs with a pH of 6. 4, there was an increase in brightness as DT AB 
concentration went from 0% to 2%. Beyond 2% DT AB, there was no increase in 
brightness with increased surfactant at any pH. 
The runs with a pH of 9 showed no significant change in brightness with 
increased DT AB surfactant concentration. 
Figure 8 shows a graph of DT AB surfactant concentration versus retention for 
the Canon toner at three pHs. Retention was calculated by dividing the amount of 
solids remaining after flotation by the amount of solids added to the Hallimond tube. 
The pooled average standard deviation for this graph is 16.1 %. Differences between 
retention values of greater than 32.2% are therefore significant at 95% confidence 
level. 
Almost no significant difference in retention values was found between 
different pH values. There was a general tendency towards decreased retention at 
higher DTAB concentrations. At 2% DTAB, the runs with a pH of9 show a retention 
above 100%. This error is probably due to the filter pad absorbing moisture from the 
air before being weighed. The runs with a pH of 3 did have a significantly lower 
19 
retention at 5% DIAB than the runs with a pH of 9. This is expected since the runs 
with a pH of 3 removed the most ink at 5% surfactant concentration and should 
therefore have the lowest retention. 
.s 
-+-Canon, pH 6.4 
60 --Canon, pH 3 




0 1 2 3 4 5 6 
DT AB Surfactant Concentration (%) 
Figure 8. Effect of DIAB Surfactant Concentration on Retention for Canon Toner. 
Positive Toner and Negative Surfactant 
Figure 9 shows a graph of SDS surfactant concentration versus dirt count for 
the Canon toner at three pHs. The pooled average standard deviation for this graph is 
493.9 ppm. Differences between dirt count values of greater than 987.8 ppm are 
therefore significant at 95% confidence level. 
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Figure 9. Effect of SDS Surfactant Concentration on Dirt Count for Canon Toner. 
This graph shows that the runs with a pH of 9 achieved the lowest dirt counts 
at all levels of SDS surfactant addition. The rnns with a pH of 9 also showed a steady 
decrease in dirt count even at 6% SDS; where it reached an extremely low value of 
179 ppm. 
The runs with a pH of 6. 4 showed that a majority of the deinking came at SDS 
concentrations of 2% or less. Beyond 2% SDS, the dirt count decreased slightly and 
then increased at 6% SDS. This variance is not statistically significant. 
The runs with a pH of 3 showed that a majority of the deinking came at SDS 
concentrations of 0. 7% or less. Beyond 0. 7% SDS, the dirt count varied before 
21 
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and above. The runs with a pH of 6.4 and 9 both show increases in brightness with 
increased surfactant concentration. 
The runs with a pH of 3 show an initial increase in brightness as surfactant 
concentration goes from 0% to 1.3% SDS. The brightness.then drops significantly as 
SDS concentration goes to 5%. This agrees with the dirt count trend the runs with a 
pH of 3 shown in Figure 7. 
Figure 11 shows a graph of SDS surfactant concentration versus retention for 
the Canon toner at three pHs. The pooled average standard deviation for this graph is 
9.50%. Differences between retention values of greater than 19.0% are therefore 
significant at 95% confidence level. 
120 - ·--··----· 
100 










' . -+- Canon, pH 6 .4 -canon,pH3
Q) 




0 1 2 3 4 5 6 
SDS Surfactant Concentration (%) 
Figure 11. Effect of SDS Surfactant Concentration on Retention for Canon Toner. 
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No significant difference in retention values was found between different pH 
values. There was a general tendency towards decreased retention at higher SDS 
concentrations. The runs with a pH of 3 showed an increase in retention when going 
from 2% to 6% surfactant. This increase agrees with the dirt count increase in this 
region for pH 3 seen in Figure 9. At 2% SDS concentration, the runs with a pH of 6.4 
show a retention above 100%. This error is probably due to the filter pad absorbing 
moisture from the air during weighing. The runs with a pH of 6.4 and 9 both show a 
significant decrease in retention as SDS concentration goes from 2% to 6%. 
Negative Toner and Positive Surfactant 
Figure 12 shows a graph of DT AB surfactant concentration versus dirt count 
for the Xerox toner at three pHs. The pooled average standard deviation for this 
graph is 604.1 ppm. Differences between dirt count values of greater than 1208.2 
ppm are therefore significant at 95% confidence level. 
This graph shows that the runs with a pH of 3 had the lowest dirt count at 
DT AB concentration of 2%. It was significantly lower than the dirt count for the runs 
with a pH of 6.5 at that surfactant concentration. This value is still not very low at 
2508 ppm. Above 2% DT AB concentration, there was little or no improvement in 
dirt count. The runs with a pH of 6.5 showed very little deinking taking place at 
DT AB concentrations of 2% or less. As DT AB concentration increased to 5%, the 
runs with a pH of 6.5 had a large dirt count decrease down to a low value of 1179 
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Figure 12. Effect ofDT AB Surfactant Concentration on Dirt Count for Xerox Toner. 
ppm. The runs with a pH of 9 showed a steady decrease in dirt count with increased 
DT AB concentration all the way up to 6% surfactant. 
Figure 13 shows a graph ofDTAB surfactant concentration versus brightness 
for the Xerox toner at three pHs. The pooled average standard deviation for this 
graph is 0.88%. Differences between brightness values of greater than 1.76% are 
therefore significant at 95% confidence level. 
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Figure 13. Effect ofDT AB Surfactant Concentration on Brightness for Xerox Toner. 
In this graph, significant brightness changes for DT AB concentrations of 2% 
or less were seen at a pH of 3 and 9. The nms with a pH of 3 continued to show a 
significant brightness increase as surfactant concentration increased to 5%. The runs 
with a pH of 9 started at a significantly higher brightness than the other pHs. These 
runs decreased significantly in brightness when the DT AB concentration was raised 
to 2%. Going from 2% to 6% DT AB concentration, the runs with a pH of 9 increased 
in brightness. The runs with a pH of 9 did not reach a significantly higher brightness 
than the runs with a pH of 3 at the higher DT AB concentrations. 
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The runs with a pH of 6.5 had the lowest starting brightness and only 
increased significantly when the DT AB concentration increased from 2% to 5%. At 
both 2% and 5% DT AB concentration, the runs with a pH of 6. 5 were significantly 
lower in brightness than the runs with a pH of 3. 
Figure 14 shows a graph of DT AB surfactant concentration versus retention 
for the Xerox toner at three pHs. The pooled average standard deviation for this 
graph is 7.54%. Differences between retention values of greater than 15.08% are 
therefore significant at 95% confidence level. 
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Figure 14. Effect ofDTAB Surfactant Concentration on Retention for Xerox Toner. 
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No significant difference in retention values was found between different pH 
values. There was a general tendency towards decreased retention at higher DT AB 
concentrations. At 2% SDS concentration, the runs with a pH of 6.5 show a retention 
above 100%. This error is probably due to the filter pad absorbing moisture from the 
air during weighing. Both at pH 3 and at pH 6.5 significant decreases in retention 
were observed as DT AB concentration was increased to 5% or more. 
Negative Toner and Negative Surfactant 
Figure 15 shows a graph of SDS surfactant concentration versus dirt count for 
the Xerox toner at three pHs. The pooled average standard deviation for this graph is 
289.4 ppm. Differences between dirt count values of greater than 578.8 ppm are 
therefore significant at 95% confidence level. 
The graph shows a poor deinking efficiency for the negative toner with a 
negative surfactant at an acidic pH. This can be seen by the runs with a pH of 3, 
which had significantly higher dirt counts at both 2% and 5% SDS concentration. 
The dirt count for the runs with a pH of 3 at 5% SDS concentration was still 
relatively high at 1706 ppm. 
The runs with a pH of 6.5 and 9 showed the same trend, with the runs with a 
pH of 9 being slightly lower in dirt count. The values were very close at all surfactant 
concentrations. In both cases, a majority of the deinking took place at SDS 
concentrations of 2% or less. Deinking continued as surfactant concentration was 
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Figure 15. Effect of SDS Surfactant Concentration on Dirt Count for Xerox Toner. 
increased to 6%, but at a slower rate. The dirt counts at 6% SDS were extremely low 
at 376 ppm for pH 6.5 and 227 ppm for pH 9. 
Figure 16 shows a graph of SDS surfactant concentration versus brightness for 
the Xerox toner at three pHs. The pooled average standard deviation for this graph is 
1.43%. Differences between brightness values of greater than 2.86% are therefore 
significant at 95% confidence level. 
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s seen in the graph, the runs w
ith a pH
 of 3 show
ed no significant change in 
brightness w
ith increased surfa
ctant concentration. The runs w
ith a pH
 of 9 w
ere 
significantly higher in brightness at 0%
 surfactant concentration. This m
ay be due to 
random
 error or poor pulp m
ixing. The runs w
ith a pH
 of 6.5 and 9 both show
ed 
increases in brightness w
ith SD
S concentrations above 2%
. M
ost of the brightness 
increase for the runs w
ith a pH
 of 6. 5 cam
e at SD
S concentrations of 2%
 or less. 
M
ost of the brightness increase for the runs w
ith a pH of 9 cam
e at SD
S 
concentrations greater than 5%
. There w
as no significant diff
erence in brightness 
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between the runs with a pH of 6.5 and 9 at SDS concentrations of2% or more. 
However, both were significantly higher in brightness than the runs with a pH of 3. 
Figure 17 shows a graph of SDS surfactant concentration versus retention for 
the Xerox toner at three pHs. The pooled average standard deviation for this graph is 
5.47%. Differences between retention values of greater than 10.94% are therefore 
significant at 95% confidence level. 
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Figure 17. Effect of SDS Surfactant Concentration on Retention for Xerox Toner. 
There was a general tendency towards decreased retention at higher SDS 
concentrations. At 2% SDS concentration, the runs with a pH of 9 show a retention 
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air during weighing. The runs with a pH of 6.5 and 9 both show significant decreases 
in retention as SDS concentration increased from 2% to 6%. At 5% SDS, the runs 
with a pH of 6.5 and 9 had significantly lower retentions than the runs with a pH of 3 
at 5% SDS. This is expected since the runs with a pH of3 had significantly higher 
dirt counts at this surfactant concentration, as seen in Figure 15. 
Overall Comparison 
Figure 18 shows a graph of surfactant concentration versus dirt count. This 
graph compares the best conditions from each of the previous comparisons; positive 
toner and positive surfactant, positive toner and negative surfactant, negative toner 
and positive surfactant, and negative toner and negative surfactant. The pooled 
average standard deviation for this graph is 490.2 ppm. Differences between dirt 
count values of greater than 980.4 ppm are therefore significant at 95% confidence 
level. 
This graph shows that the negative surfactant, SDS, performed better than the 
positive surfactant, DT AB, on both positive toner, Canon, and negative toner, Xerox. 
An alkaline pH of 9 was necessary to achieve the best deinking with the SDS 
surfactant. An acidic pH of 3 was necessary to achieve the best deinking of positive 
toner with positive surfactant. However, these conditions still did not lead to the 
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Figure 18. Effect of Surfactant Concentration on Dirt Count. 
While accurate comparisons cannot be made between Canon and Xerox toner 
runs due to the different ink levels in the pulp samples, the SDS surfactant at pH 9 
was able to deink both toners very well. It reached similar dirt count values for the 
toners with only 2% surfactant concentration. The dirt counts for Canon and Xerox 









1. Increasing surfactant concentration increases flotation efficiency. In
general, dirt count decreased as surfactant concentration increased, indicating better 
deinking. Brightness tends to increase with increased surfactant concentration. 
Retention tends to decrease with increased surfactant concentration. 
2. While deinking efficiency increases with increased surfactant
concentration, there is typically a point of diminishing returns. This point varies with 
surfactant type, pH, and toner charge, but is often about 2% surfactant concentration 
on dry material. 
3. Anionic surfactant gives a higher deinking efficiency than cationic
surfactant. This is shown by the lower dirt counts from the SDS runs than from the 
DTAB runs. 
4. Alkaline pH gives a higher deinking efficiency than acidic or neutral
pH. The alkaline pH gave the lowest dirt counts for three out of four of the 
toner/surfactant comparisons. 
5. An anionic surfactant at an alkaline pH should be the best combination
of deinking variables for flotation of positively and negatively charged electrographic 
toner particles. 
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SUGGESTIONS FOR FURTHER STUDY 
This project focused only on qualitative relationships between surfactant 
charge, toner charge, and solution pH A study that looks quantitatively at these 
charges to see when charge neutralization occurs should be done. 
Other surfactants and toners should be investigated to see if these results are 
specific to only these surfactants and toners, or if they apply to all positively and 
negatively charged particles. A study examining how fiber losses change with 
increased surfactant addition should be done. Also, a study on how pH and the 
chemicals used to adjust pH affect each toner and each surfactant should be done to 
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Image Analysis Test Results 
Run Dirt Counts (ppm) Avg. (ppm) Std. Dev. (ppm) 
1. 6124.8 4953.5 5539.2 828.2 
2. 1800.3 3053.7 2427.0 886.3 
3. 950.9 969.5 4643.1 2593.3 2289.2 1747.9 
3.6 1602.6 2588.7 2095.7 697.3 
4. 5980.6 4946.1 2637.9 3542.5 4276.8 1480.6 
4.7 3691.0 2740.0 3215.5 672.5 
5.3 2511.0 1813.0 2162.0 493.6 
5. 313.1 1472.3 1937.8 2339.6 1515.7 876.6 
6. 296.6 850.7 573.7 391.8 
7. 1906.4 1651.8 1779.1 180.0 
8. 2686.0 2515.7 2600.8 120.4 
9. 3335.2 3367.2 3351.2 22.6 
10. 4942.8 5304.2 5123.5 255.5 
11. 4862.1 4963.9 4913.0 72.0 
12. 1640.8 717.5 1179.2 652.9 
13. 5309.1 5132.8 5221.0 124.7 
14. 2450.3 2566.2 2508.3 82.0 
15. 1031.9 1133.7 4342.3 3150.4 2414.6 1613.5 
15.6 2876.8 3559.5 3218.2 482.7 
16. 5587.8 4524.1 5056.0 752.1 
17. 2865.3 3045.6 2955.5 127.5 
18. 1601.7 679.7 1709.1 1056.5 1261.8 481.9 
18.6 905.9 434.5 670.2 333.3 
21. 2533.5 2193.2 2363.4 240.6 
22. 1505.8 952.6 1708.2 1962.8 1532.4 429.4 
22.6 2637.0 1717.1 2177.1 650.5 
23.7 1878.4 2265.3 2071.9 273.6 
23.3 2242.8 2219.1 2231.0 16.8 
23. 1178.3 754.0 2211.0 1990.4 1533.4 683.5 
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Table 3 - Continued 
Run Dirt Counts (ppm) Avg. (ppm) Std. Dev. (ppm) 
24. 4052.5 3396.9 3724.7 463.6 
25. 1256.4 845.6 1051.0 290.5 
26. 657.7 203.2 229.5 272.4 340.7 213.2 
26.6 232.5 125.2 178.9 75.9 
27. 1750.7 621.6 1186.2 798.4 
28. 327.6 540.1 290.6 645.8 451.0 170.1 
28.6 281.7 469.3 375.5 132.7 
29. 3097.8 4222.6 3660.2 795.4 
30. 1299.2 2112.6 1705.9 575.2 
31. 846.5 935.6 891.1 63.0 
32. 160.8 566.9 100.1 398.0 306.5 216.0 
32.6 137.0 316.5 226.8 126.9 
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Table 4 
Brightness Test Results 
Run Brightness (%) Avg.(%) Std. Dev.(%) 
1. 77.45 80.42 78.94 2.10 
2. 82.33 79.99 81.16 1.65 
3. 84.26 82.41 79.17 77.05 80.72 3.23 
3.6 79.87 82.23 81.05 1.67 
4. 77.07 79.19 83.77 82.08 80.53 2.98 
4.7 82.2 80.82 81.51 0.98 
5.3 84.25 84.88 84.57 0.45 
5. 85.81 82.21 84 83.32 83.84 1.51 
6. 84.35 83.22 83.79 0.80 
7. 81.98 82.61 82.30 0.45 
8. 80.12 82.1 83.04 81.75 0.66 
9. 78.89 80.77 85.48 81.71 3.33 
10. 72.48 75.77 79.52 75.92 2.65 
11. 75.03 77.05 78.74 76.94 1.20 
12. 75.04 81.17 83.42 79.88 1.59 
13. 74.13 76.53 79.06 76.57 1.79 
14. 79.86 80.36 80.11 0.35 
15. 82.83 82.83 81.13 82.25 82.26 0.80 
15.6 82.07 80.86 81.47 0.86 
16. 72.07 83.53 83.52 79.71 0.01 
17. 77.34 81.71 81.55 80.20 0.11 
18. 80.99 83.48 81.24 80.39 81.53 1.35 
18.6 81.9 83.45 82.68 1.10 
21. 80.91 79.71 80.31 0.85 
22. 82.32 82.35 84.7 85.11 83.62 1.49 
22.6 84.14 85.03 84.59 0.63 
23.7 82.35 83.23 82.79 0.62 
23.3 83.46 83.66 83.56 0.14 
23. 82.12 78.74 83.9 83.16 81.98 2.28 
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Table 4 - Continued 
Run Brightness (%) Avg.(%) Std. Dev. (%) 
24. 78.89 81.18 80.04 1.62 
25. 82.31 81.87 82.09 0.31 
26. 82.72 83.24 85.47 85.02 84.11 1.34 
26.6 86.15 85.54 85.85 0.43 
27. 80.97 82.19 81.58 0.86 
28. 83.27 82.46 84.26 83.51 83.38 0.74 
28.6 84.68 84.12 84.40 0.40 
29. 77.41 74.25 75.83 2.23 
30. 79.58 74.9 77.24 3.31 
31. 82.11 78.14 80.13 2.81 
32. 82.5 78.63 85.11 84.11 82.59 2.85 
32.6 84.94 85.45 85.20 0.36 
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Table 5 
Retention Test Results 
Run Retention (%) Avg.(%) Std. Dev. (%) 
1. 89.67 104.78 97.22 10.69 
2. 85.44 100.67 93.06 10.76 
3. 47.33 79.67 86.89 84.67 74.64 18.45 
3.6 74.67 80.56 77.61 4.16 
4. 114.67 78.89 61.22 77.22 83.00 22.56 
4.7 89.00 84.33 86.67 3.30 
5.3 85.11 78.89 82.00 4.40 
5. 19.00 102.00 75.78 83.00 69.94 35.72 
6. 30.33 68.44 49.39 26.95 
7. 73.33 80.11 76.72 4.79 
8. 82.89 127.11 105.00 31.27 
9. 61.11 104.11 82.61 30.41 
10. 85.22 105.67 95.44 14.46 
11. 81.89 102.56 92.22 14.61 
12. 62.78 80.11 71.44 12.26 
13. 87.11 90.11 88.61 2.12 
14. 120.00 100.33 110.17 13.91 
15. 82.11 88.67 74.67 71.11 79.14 7.83 
15.6 68.33 67.44 67.89 0.63 
16. 96.78 79.11 87.94 12.49 
17. 79.44 104.67 92.06 17.83 
18. 91.89 84.22 81.56 78.67 84.08 5.68 
18.6 79.33 73.89 76.61 3.85 
21. 106.56 95.11 100.83 8.09 
22. 96.78 96.00 69.11 68.33 82.56 15.98 
22.6 71.11 66.00 68.56 3.61 
23.7 84.22 75.89 80.06 5.89 
23.3 75.44 76.78 76.11 0.94 
23. 98.44 84.22 77.44 72.78 83.22 11.18 
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Table 5 - Continued 
Run Retention(%) Avg.(%) Std. Dev. (%) 
24. 104.89 87.67 96.28 12. I 8
25. 104.22 79.22 91.72 17.68 
26. 94.11 84.56 74.11 68.00 80.19 11.52 
26.6 66.67 62.00 64.33 3.30 
27. 95.00 89.89 92.44 3.61 
28. 82.89 88.78 68.89 75.11 78.92 8.72 
28.6 69.22 76.00 72.61 4.79 
29. 102.44 90.33 96.39 8.56 
30. 96.00 90.67 93.33 3.77 
31. 102.33 104.78 103.56 1.73 
32. 88.56 90.00 74.56 78.33 82.86 7.59 
32.6 66.22 67.78 67.00 1.10 
